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(54) Tide: OCCLUSION OF A VESSEL 




(57) Abstract 

A device for occluding a vessel employs one of a number of different expansion members joined to one or more elongate members. 
The expansion member may Include a braid, one or more coils, ribs, a ribbon-like structure, a slotted tube, or a filter-like mesh. If (he 
expansion member is enclosed by a suitable membrane, the device seals with the vessel wall to partially or completely occlude the vessel. A 
perforated membrane may be used to permit the perfusion of blood. The expansion member may be self-expanding, or it may be expanded 
by engaging it with one of the elongate members. Alternatively, the expansion member may be expanded by hearing IL 
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QCClUStOH OF A VESSEL 

Background of the immtninn 

EieM of thn Invention 

The present invention relate, generally to the occasion of a vessel with* . patient, and mora specifically, 
to an apparatus and method of partially or corrvfetety occluding a vessel 
Dasermtifln of the Related Art 

Attempt, heretofore have bean made to treat occasions in the carotid arteries leading to the bran. 
However, such arteries have been very difficult to treat because of the possMty of dblodgeig plaque which can 
enter various arterial vessels of the brain and cause permanent brain damage. Attempts to treat such occasion, 
with balloon angioplasty have been very limited because of such dangers. In surgical treatments, such as 
enderterectomy, the carotid artery is slit and plaque is removed from th. vessel in the sfit area. Such surgical 
procedures have substantial risk associated with to which can bad to morbidity and mortality. 

In other procedures, such as in angioplasty and in the treatment of peripheral arteries end veins, there is 
the possibility that the guide wires and catheters used in such procedures during deployment of the same may cause 
dbtodgernent of debris or emboli which can flow downstream and cause serious damage, such as stroke, if they 
occbide blood flow in smaBer vessels. Thus, in summary. ernboGzatfan end migration of rmcro^mbcfi downstream 
to an end oigan is a major concern of cardiologists during catheteraetions. 

Thnre is therefore need for new and improved apparatus and methods which make possible to treat 
occ&Jded vessels without endangering the patient. 

Summary of tha (rjyejtjpn 

The present invention satisfies the need for a device that occludes a vessel, in particular, a vessel in a 
patient unde.<gortg therapeutic or other medical treatment. Any one of a number of different expansion members 
•re pined to one or more elongate members such es hypotubes to form a device that completely or partially occludes 
a vessel within a patient. The expansion member may be sett-expandrng, it may be expanded by engaging it with 
one of the elongate members, or it may be heated to cause it to expand. A membrane preferebly surrounds the 
expansion number so that a seal is made between the membrane and the vessel The perfusion of blood is allowed 
if the membrana b perforated. Partial occlusion may be obtained without a membrane if a suitable expansion 
member b chosen. In general, in one aspect of the present invention, there is provided an apparatus and method 
that can be used with approved diagnostic and therapeutic devices to reduce the chance of emboli migrating 
downstream, Alternatively, the expansion member may enchor en intravascular device within a vesseL 

One embodiment of the present invention is e device for occkiding a vascular segment, si which the device 
inctides en expansion member end first and second elongate rwmbers. The first elongate member engages the 
expansion member, and the second elongate member surrounds the first elongate member, with the expansion member 
expanding to occlude the vascular segment when one of the elongate members b moved longitudinally. The 
expansion member preferably includes a braid, a coB, a ribbon-ike structure, a slotted tube, a plurality of ribs or a 
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fiftoMibe mash. The device may also incbdo rnaieriai that »h 

<oa »■ with „. ** ^ ^ — — » — ■ • P- ■ 

in on. par**, embody the ^ ^ „ , a „ ^ whai 

2T" TIT *" exmt *■ ,he - ""^ — * — -* - — -J 

•nd the Bpurn member expand, as th. fim , bn „ Ie ^ h 

, h6 „„ *T °' ,h8 ~ l$ ° — - —N « -»-» whhin 6 which includes 
^ ' «* - — ^. mt. ,h. „ „ oeeWrt ,, ^ the ^ 
«. an expand « fotew9d b¥ fc „ ep „, ^ ^ ^ - ^ ^ _ - 

" 7 ,hB ^ — - * — - -p ta ,.V or W ,1 

-M- he very* step teWM ^ „, „ 0hn9ate ^ ^ ^ aMiher 
ZZ 7 IT" " ^ ""^ *'* * — —» — 

~^*~**^~ + MmlmKmmmM Heating the expansion member 

Brief Iteffliffia fla n-winip 

FIG. 1 is . action.. view h .action „, ora of . athete , apparalus incorpora 

present invention for treating occfuoed vessels. 

FIG. 2 is , « MbwthM , , i9w „ jjraJar , o F|G , bw ^ t()e . m f w . (h ^ 

expansion member (in this case, a .elf-expandoble seal) deployed. 

FIG. 3 is , side.,.,,,™, view in section af another emh.donen, af a cetheter apparatus incetporatr, 
ma present invention for treating occluded vessels. 

mj m - " " ' ™ ,0 f,S - 3 to »' 1— On this case, a seh^andebie seen 

FIB. 5 i, a schematic, longitud™, cross ..ctiana. view of an embodenen. in which a membrane on* 
pertially surrounds a braid used os the expansion member. 

FIGS. 6A end 6B snow and view, of unperforetad end perforated membranes, rrcpactieely. 

FIS. 7 is a schematic, longitudinal cos, sectional few of an embodbran. in which a braid without a 
msnuirane is used. 

FIG. 8 i, a schematic, longitudinal cross sec.iora, «ew „ an emb.dimen, in which , fdter-ox, mesh is used 
as tne expansion member. 

FIG. 8 is , schemetic. longitudinal cross sectional view of an embodiment b which , slotted tube i, used 
es tha oipansion memlier. 

FIG. 10 is , perspective view of the slotted tub. used in the amb.dsn.nt of FIG. 9. 
FIG. 11 is , schematic, longitudinal cn» section, view of .„ ambodiment in which a coil Is used as the 
expans-n member, and the proxenai end of a membran. mounding tha eo. adjoin, the coiL 



W0 99,42059 .3. PCT/US99/03544 

FIG. !2 is a schematic longitudinal cross actional view of an embodinent in which a eo9 n used as the 
expansion mamber. and the proiimal end of a membrane surrounding the coi adjoins a sheath that surrounds both 
first and second elongate members. 

FIG. 12A is an embodiment similar to that shown in FIG. 12. in which resistive heating is used to eipand 
the expansion member, with current being conducted through wires being attached to either side of the expansion 
member. ThB eipansion member as shown is partially depltytd. 

FIG. 12B is an embodiment simSar to that shown in FIG. 12A. in which resistive heating is used to expand 
tha eipansion member, with current being conducted througha wre being attached to the distal end of the eipansion 
member end through e coating on the first elongate member . The eipansion member as shown is partially deployed. 

FIG. 13 is e schematic side cross sectional view of an embodiment in which e plurality of ribbons are used 
as the eipansion member. 

FIG. ISA is an embodiment similar to that shown in FIG. 13, in which a warm solution passes between 
the first end second elongate members to transfer heat to the eipansion member, causing it to expand. The 
expansion member as shown is partially deployed. 

FIG. 13B is an embodiment similar to that shown in FIG. 13A. in which a warm solution passes through 
the first elongate member to transfer heat to the eipansion member, causing it to eipand. The eipansion member 
as shown is partially deployed. 

FIG. 13C is en embodiment similar to that shown in FIGS. 13A and 138, in which a warm solution passes 
through one or more lumens in the first elongate member to transfer heat to the expansion member, causing it to 
expand. The expansion member as shown is partially deployed. 

FIG. 14 is a schematic side cross sectional view of an embodiment in which a plurality of ribs are used 
as the eipansion member. 

FIG. 15 is an isometric view of an embodiment of the invention in which a pull wire is used to deploy a 
plurafity of non-self-expanding ribbons surrounded by a membrene. 

FIG. 16 is a side partial sectional view of the embodiment of FIG. 15 in which tha ribbons ara in their 
relaxed, undeployed position. 

FIG. 17 is a side etevational view of the embodiment of FIG. 15 in which the ribbons are deployed, and the 
membrenn makes a seal with the vessel. 

FIGS. 18A and IBB show longitudinal and end perspective views, respectively, of a locking mechanism used 
with a wire that deploys an expansion member. 

FIG. 19 is a perspective view of an ahemative locking rnechanism used with a wire that deploys an 
expansion member. 

FIGS. 20A, 20B, 20C, end 200 show, respectively, a braid, a fitter-Eke mesh, a slotted tube, and e plurality 
of coils, which can be used as alternative expansion members in place of the ribbons in the embodiment of FIG. 15. 
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BaSiM D^rintinn M ggfgg, TmWim 

Tha oxpa^n m^, dilcuJJaJ terei „ ^ Mfe ^ , bbo ^ a ^ ^ ^ 

Mr*, m**. Th™ „p, Mion ^ bB ^ C0W(J (f Mmp!3ta|r immM ^ a w 
.Iter coverm, , 0 p,.,* „ ce(loion „ KiSng „ ^ M|Ml Aj ujh) ^ . tcttu . n . w ^ 

7 P ' rta " **» " « « • W. a. « i, a™,™ pfefara5fe t0 a „ ow 

r 9 "' such e,pansion tob,6w ™ y b - * *« • „.c«ric,i „»,„, o, 

SPnn °" l8t<! " ™ m - U - Bre **nt to facto, .heir deployment or retraction 

Catheter Apooratuae, goj gsgfaaiifea fjajds 

On, ambodin™, of a catheter apparatus mcorporating the presant inv.ntton for ,r.a,in, eeduded ««* 
« .how,, in Rgure, . and 2. As atawn ther.* the eath.fr opp.ro*, 65, con*,, of a fa* ^„ m9lrtef 
652 wh,ch k provided with preA.I ,nd di,„. na^Um 653 and 854. A ^.atonal adapt,, 656 to mounted 
on th, pnHM | m,«m and fa p« with . Toubyeom fining 657 which to in con™,ica.ion with a tor,, 
centra. h,n»n 656 extending fr.m ,h. « Mtremi ,y 653 «. ,h, dtotel «™,» 654. An aspiration 66 , 

is pr.,id.d on th, adapt., 656 ., w, „ irrigation mtinp 662. b,,h af which .re in cannon with the 

camrai hanen 658. However, i, should he appreciatad ,h« if desired, senate bo™, can b. provided in ,h, fiexibte 
elongate member 652 for both af the fittings 661 and 662. 

S.lt..,p,ndin B see*, mschartsm 666 is mounted on tea distal extrannv 654. Thi,- 3 elf.alpandin 9 saafng 
mactanian 666 can .aha an, .nitabto form. Fo, example, „ te 0E ,„ * can ear*, 0 f a braced structure 667 formed 
of a sunabl. shape m m ,r, material ,uch os e nickel tit>ftnjnl ^ that wffl attemp , „ rapand , g , 
shape nonary. Other tean shep. memory materials, .the, matertoto such a, steinbs, steal. Elgito,™, tMm „ 
other materials can b, mfced in tha braid 667 as ton, as th„ hava tha capably „f e^dhg whan th. ,„,. 
expands „„ nanism is retased. Ah. it shoald b. .ppractot.d tea. ,ha s.ff^pandi.g ,„f mechanism 666 
' 0mpmad " m abso "" M "*»* « ebsorbs eaBn, ., Mood expand, te form a saaL Such 

saab can be raadJy accompli^ tec,.* * j, flrty necessary ,. font, . seal of approximate* ,.5 psi prevent 
«naU partidBs from moving downstream. 

In order to pnwen. abraaon .f a it is dasirabta te cava, the braided .tructere 667 with a covoA,, 
668 of , unable material ,uch a, a potymar or a bioeompatW. coa.h, which extend, over te, braided .tractor, 
667 ,nd which «.» with te. braided aructer. 667 a, i« expand, and entree. Th. p.,ymer can ba a. a .utabh 
notarial uch „ «cona. C-fla,. p.^tone or PEr whfch wou|d (ofm , ^ ^ ^ fc ^ 

of tee anery. Tha covering 668 may be perforated to allow perfusion. 

A machanbm to provided for compreabw the ,eN,panding nalng mechanism 666 ,o thai tha apparatu, 
can b. uinrtad in,, the vassal 48, art c.n«« t .« an .Ion,,., sleeve 771 bavin, proximal „„„ dista, ertr-nhto, 
772 and 773 and a bo,a 774 extending from the proximal axttennty 772 to th. distal ,«remhy 773 A coll,, 776 
» mounted on the proximal e M 772 of ,h, ,(e„e 771 and i, portioned n«, th, adapter 656. The collar 776 
serves as a mechantom fo, reacting ,h. sieove a, ,hown m figure 2 to uncover te, ,e«.„pandin, seafag 
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mechaoam 666 after the catheter has been deployed to pern* tkt seff-expanding mating 6B6 10 

end form • seal with the arterial vessel adjatent tha stenosb to be treated. 

AiMtar embadonm of , chare, epp^, ,„ ^ mam >8J3els ^ 
nvemron b shown in Figure, 3 and 4. As shown therein, the apparatus 781 onset, of . ptfq eatblter 762 
ha*, proeona) and dbtal extremities 783 and 784. A, shawn, the dbtal extremity 764 b proved with a pre- 
formed bend of . conventional type. A conventional att.chmant 786 b mounted on tha pro** axsremity 783. 
SeH«xpandin B ,„l macnanbm 791 b mounts on the dotal extremity 764 end b of the type hereinbefore described 
m connection with tha embodiment, shown in figures 1 end 2. A rime 796 staler to the .reeve 771 of the 
pre»«u, embodvnent b provided in the pre*rt erriodiman, for encasing the relf-eapandin, seel mechanism 791 end 
for releasing tha same after it ha, been dispose) in an appropriate position within a vessel adjacent the oeefusbn 
to be treated. Thus, a sleeve 796 b provided having proximal and dbtal extremities 797 and 798 and having a bore 
799 extending from the proximal extremity to the dbtal extremity which b ,i:ed so that it can receive the guide 
cetheter 781 It i, provided with . coO.r 601 on h, pro,™,! .« rerritr wWdl i, „, aptell 10 to dlsp0Jal mMe 
the patient and which b adapted to be grasped by the physician for pulfti, the slaeve 796 proximeliy to uncover 
the .expanding seal 791 altar the apparatu, has ben. deployed to penret the self-experwon of the sealing 

nteehanbm 791 to form with the vessel wall a, shown h Figure 4. 

In accordance with the hereinbefore described descriptions, it b apparent that the apparatus can be readily 
deployed end serve the seme function as the main catheter. To accomplish thb, the assembly 781 can be introduced 
into the femoral artery and the dbtal extremity advanced into the desired location n the arterial veuel. After rt 
ha, been properly positioned, the physician can retract the above 796 to permit the serf-espandmg seal mechanism 
791 to expand and to form a seal with tha wall of the arterial vessel ta occajde tha arterial vessel and interrupt 
the flow of blood in the vessel to provide e working space dbtal of the occlusion formed. Thb prevents email 
particle, which may thereeltor b. dislodged (rem moving downstream. Since e central lumen b available, the 
therapeutic procedures hereinbefore described can ba employed with the catheter apparatus shown in Figures 1 2 
3 and 4. 

Although the self-expanding sealing mechanism 666 (791) can ba deployed by retracting the sleeve 771 
(798) as previously described, the seeing mechanic can ebo be deployed by pushing the flexfeb elongate member 
8S2 (guiding catheter 7821 through the sleeve ,0 that the seat*, mechanism can expand. Thb may be the preferred 
way of deploying tha .aaSng macharrbm 666 (791), if there b little clearance between tha apparatus 6S1 (781) and 
the vessel within which tha apparatus resides, to reduce the risk of damaging the patient's venal. As dbcussed 
below in eonnectton with subsequent figures, the seeing mechanism 666 (7911 may alternatively comprise member, 
such cad, ribbon-fire structure, a slotted tube, or e filter^, meah. In each case, the aeaOng mechanism 
eapand, to partially or completely occlude the veuel in question, or alternatively, to anchor an intravascular device 
to the vessel. 
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USmSm Seif-Finanrlinfi ftffgflltrETT 

kulta '«*°*>™»m . k flG . Si „ wfcjehafleiiUa 

"7" M * d,8P0SBd "** " !8Mnd «"*■ » « • hVPOtUb.. A se.l M TOt(laraM1 28 

32 .lumber 20. The braided Wucur. 28 i, ord, party-, ancopsulatod by a prafarably eUstomeric rrcmbran, 
36 tha, makas . „„ witb the patient. vessel 40. (Alt™**, a coatmg such „ , M coali „ 8 TOy „, 
u»d In p.,c of tba mambranaa disclosed b.rain.) in thi, and <ha ate <mb.de™,, adbe*. may b. used to 
».«.r. tba aetf-oapandin, meehaniam 20 and the membrane 36 to th. ataga,. member 20. ,„ ,b. entodiman, of 
F.G. 5. the brakfed «ruc1u» 28 and mamorane 36 are daalgned t, b. 9jyimBWcal . ^ wan M „„„ 
cancamtatad a, tha pr.ximal aida of th. amwur. 28. Th. bra*, ,f ,h. embodiment, diacioaad nerak, may be 
«**. ataai 304 or 400. .operas ar haa, activatad Wrtihol, an ir.n baaa ahapa memory ,.. r or , ^ 
base, auch a S pa^hyian. or porypropylena. Tbay may be corseted, for esample. bf usi „, st3ai3lj mifmm 
such as a braider. " 

Although trt. ambadimant of FIG. 5 show, th. ft*. .,o„ gat o member 20 connected to a gmdewire .* 
44, otbe, technologies for guiding th. davice through tha patient', , WJ e. 40 may be oaad in .hi, and tha otbar 
~nb.dan.nta. auch a, a ouhtawire (either , w tha wire ar singl. aparat.r| or th. ..chang, catheter mathad „ b 
w.0 known m th. art. Alao. although no, a.pfichly shown in tha embadknan, of FIG. S and tha ptha, embodananu 
haram. 1h.se ernbodiman,, may fnclud. luman,. aspiration end hrigauon fitriogs. and collar, Ska those ihjltrat8d „ 
FIGS. 14. 

The membrane 36 is preferably impervious to th. flow of blood (FIG. 6a) for tbos. application, not requHna 
perfusion, although a perforated membrane 36- (FIG. 6b) bavin,, numerous hole. 37 therein ma, b. used in atha, 
appfcatians to allow tha paaage .( M .od. Tha hales 37 ate praferabfy greater than 10 micron, in di.ma.er and 
-nay b. up to 80 micron, or more in diamatar to permit th. passag. pf blood cell, (nominally 6-10 micron, in 
d»rmrter| through the membrone 36' who. blacking larger prtadat. such a, emboli. Ukawi,.. , perforated 
membrane 36' may b. used in tha other embodknents d«clo,ad h.rein. Antrthr.mbogenic coatings can ba used (e.g, 
heparin) to prevent thrombosis formation. 

H6. 7 shows an embodiment in which a braided structure 50 is not enclosed by a membrane When tba 
braided structure 50 comprises, fa, esamph. a dbtmond mesh pattern in which adjacent wire, are ..paratad by about 
10-80 rracrons, th, braktod Jlnlctllre p ermjti lte ^ „ ^ ^ ^ ^ ^ fc ^ g) ^ ^ 

may b. undatable, a.,, emb.li or other particufa,., (ha, may b. formad a, dM.dged during medical procedures. 
Thua. this embodiment is well suited for applications for which perfusion is required. 

Altamative setf^pandrng madia are shown in FIGS. 8 and 9. In FIGS. 8 and 9. a setf-e.pandmrj filter*, 
mash 60 and , adf-aspandm, slotted tuba It respectively. ,„ surrounded by a membrane 62 that is preferably 
elaatomenc. Tha filter*, mesh 60 (or al„ted tube 72) and membrane 62 ar. bonded or otherwise secured to , 
ftaft- elongate member 64. a.g„ to an indentation therein. As with ,h. other aerf-aspandrng madia disclosed heme, 
tha fdterGre mash 60 |„ aiottad tuba 721 .spend, f,. m „, unoxpand.d atate whan tha fleaible elangat. member 
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64 b piuhed through a ,e«nd elan,.,, m«nb., 66. or -h™^. when the s«.nd long.t. menter 66 i, 
reWC,ed W " '" , etont " e TOnt " M - Tl » *» 60 (o, mm u» 72) then expend, so ,h.t lee 

men*,,™ 62 forms , sea. with th. sur^d., 68. A gtdd.«ire * 70 «, in pa, device threegh 
the 6B. The Itarft. muh 60 end xlstied tub. 72 ,r. of , suiubta ^ m ^ fuch „ ^ 
or (304 « 400) «ainlus ,„.,. The flt.M*. muh 60 « «*« „ mtmt , ^ tmmiiat „ ^ 

tee M ,ube 72 he, . tatticeuk, appoerence. Th. ^ wb , 72 TO| b9 UMM ^ by 
emdiafing . .bin-waled tuba with a k. bum to fonn hob, h ,b. tube in the sh.p. of pdypana such a. obiang 
quadrilaterals. An unexp.nded. sJottad tube 74 ia shown in FIG. 10. 

FIG. 1 1 iterates another embodiment, in which a cod 80 serm a, tb. self-expsndrng mechanism, The 
coil 80 ma, be int.pr.Uy formad with a f„t etongat. mute, 82 .. b. ottarwiaa spuiauy joined .0 ri e , by 
wtfmg or brarin, th. cod to ,h. along,,, men** 82. Th. eoP 80 i, surrounded by . mute™ 84 that expands 
wdh .ha cod whan r. is pushed out of , second etanga.e member 86. ., .hematiwdy. when the second elm,,,,, 
■mmher 86 i, retracted from th. coil 80. This, th, menteaoe fa™ . with JU „ MnJin( , 9Q m 
membrane 84 may be attached directly to the firs, dang,,, menter 82, ., to , member 88 such as a disk that is 
in turn secured to the cod 80 or ,h. firs, etange.e member 82 A guidewire tip 92 for poidiap the device through 
th, vessel 90 may ba attached to th. fust elongate member 82 or to th. membar 88. if or* is used. 

An emhodimut simitar to that shown in FIG. 11 is abatrated in RG. 12, a. which th, membrane 84 is 
S8CUred " *• f,niml ^ ,0 ' «■»"« *•* 94. In this cast th. Shaath 84 and the first elongate memo,, 
82 .r. ..tended ..gather ove, art through, respectively, th. second elongate member 86. Assembly may require 
prauding the coil 80 through the distal aid of th, second elongat, member 86. 

Anether embodiment th.t employs , salf-eipanding medium i, shown in FIG. 13, in which , plurality of 
ribbons 100 make contact with . membrane 102 whB, they expand to urge the membrane toward, Ih, wall of the 
vuul 104 where h make, . seal. The ribbons 100 of this embodiment era preferably secured to a first elongate 
member 106 .t both ends of th. ribbons, by. for example, gluing them in place. The ribbon, may be 0.0014 004" 
x 0.005-0.020- , 0 J5-1.0- sU ta, of Nitinol. stainbss st,el or tkjuoy™ which .xp.mf when urged .ut of th, second 

elongate member ,06. *■*■*•* "0 "uybe us.d for guiding thed.vic. through*, vessel art is pr.fm.bly 
ueured to the distal end of the first elongat, member 106. 

FIG. 14 ilustnrtes an embodiment similar to the one in FIB. 13, in which ribs 120 such as wires form a 
series of semurorfar arcs when they expand. Th, ribs 120 are surrounded by a membrane 122 that upends with 
the ribs la form a seal with the vessel 124. The numb,, of ribs 120 is preferably at taast thru. Th. rib, 1 20 ere 
prefer.al, attached directly to a first elongate member 124 that is surrounded by a second elongate member 126. 
Th. fit, 120 themselves are preferably made of a shape mamary material such as Nitinol o, stainless steel. A 
guidawire tip 128 aids in guiding the device through th. vessel 130. 

As in th. other seH-upandbig embedimems, the jell-expanding mechanism 100 (120) is in an unaxpanded 
Mate when enclosed by the second elongate member 108 (1261. and expand, whan pushed or pulled beyond die 
second elongate member 108 (126). 
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Hon-sBtt-Bipa^inn siaadteBfi 

1 Heat aetwatad mhnrftm^ 

HSS. 12A «l .28 mm» haw .bctrical men* can b, used „ generet. „,,« , 0 ^ 8n upansjo „ 
number. A to ^ man** 82' W a «| BO* which adjoins it coil 80' and m**., „• teinB ^ t0 ^ 
unpnmed couatorpana, U pre*..., mad. 0( hMt atthoted NWnol „ . „„ ^ ^ ^ anoto 
metene. .ha, ..pand, when Blpoie() t g A , thMm . F)G , 2Ai faw pfo(ta ^ ^ ^ ^ u ^ 
and 83 pMJ ,,„„ ^ „ ^ fc ^ ^ ^ ^ ^ ^ ^ 

«ha to ^ memo,, 82 - on either * of , h . * 80'. Whan current i. appfe, B ,. ctrW , , 

and 83 (the power .upply i, „„, , nowrr 5lIt h preferahrr ,h. patient), .ha cod 80' h M , up through rM »«rva 
jM th. coil etpand. „ u„. the ^ „ „ C(ntact , he VMra) wa( 90 uarn ^ tj ^ . 

128 ' ' 0n88,e ™ ml " r 82 ' ™" te ™ • '"tin, 85 of gold or .her. ,„ thi, m coalad 

elongate member 82' is used «. p M , cu„ Mt (with mos, of .ha current preferably tain, earned by the coa*, 88 
»o that most of the energy » departed in «h. «a 801, with the circuit bain, competed with a tow reaatrvh, wrre 
87 that „ prefer,*, connected I..,.. ..toad, „ e hh,r <he second elon,,,, member 86 or the ahead, 84 Th» 
pnncrpla „ resiHfve heating to e.pand . e.pamion member can ha applied ,h. other embodiments disclosed herein 
as well. 

FIGS. 13A. 138. and 13C tar.,, how hea, ttanater usut, , ftpid can deploy ,„ .^ien rramber. Th. 
ribbons .00' era prdar.br, mad. .» h„, actira „„ «„„„,,,„ ,„„ ba„ S taparrren,.,»,«.,.Tr M .lh.rr«a,^ to , 
expands when exposed „ heat In the .mbodim.,, of FIG. 13A, » warn, aelbte a.hrtion 107 i, p,ss.d between the 
to and second Connate member, ,06 aod ,08 and than o»o, th. manbrane .02. a. the. ha* ia tranalerred to 
the ribbon. 100'. A. th, ,*b.ns ,00' h.„ up. the, expand. tb.,.by uremrj the membrane 102 .train., the .essel 
won 104. As derated in FIG. 138. th. warm .a tine solution 107 mo, also be p.,„d through th. «,„ elongate 
nwmber 106 end then through hole, 109 in member 106 so th„th. selin. .ohrtion 107 more directly tranafer.hea, 
to th. nbbon, 100". in thi, ernb.dimant. one or more hob. 1 1 1 in , ho membrene 102 (distel to where the aeal with 
tho vess* «,» 104 i. rn.de) ma, b. u.ed to altaw tta salmo solution .07 to flow .woy beyond the ribbons W 
after haa, traufer ,. the ribbon, occur.. A. abrstreted in FIG. 130. the .nine solution .07 nay 1,. b. passed 
thr.» B h one or more cbsed ( ., p cofl, „ htmens .13 within the to ahnga,, member ,08. b, trd, way. flu, ribbons 
100' and th. patient', blood ere not eipos«l directly to any solution. Use* he., transfer can els. b. appbed to 
th. other embodiment, di*b,ed herein, proved the ..pension member is suitably constructed. 
30 & Mochanicanv dmi oyed Hte firjaB 

tlthw n.n-.arf«pandina sealing mechanism, that can be used (or .cdudin, . «essel are described below 
In the embed™, of FIGS. ,5-17. , to elongate member 140. preferaMy , pull wba. « (whan me dtrric. is 
computer, ...embled) attached to a brec. member 144 that i, „ turn attached to a to retg member ,4B 
Ad^ng the to ring mmber 148 and a second rin, member 152 are a ptaratt, ol ribbon. 156 that extend 
between the two rin, member,. Surrounding the ribbons 158 is a membrane .60 thet terms e seel wrm the 
patient, .easel ,82 when the ribbons ere expended. The msmbrono 160 i, joined ,o ., leest on. end preferably 
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both of the ring members 148 and 152. The memo™ 160 can be joined to only one of the ring members 148 
end 152. for example, when the memfarene 160 eitends for enough h the loitftudinal direction to pent* the 
membrane to make a pood seat with the vessel 162 when the ribbons 156 are deployed. 

To assemble the device, the first and second ring members 148 and 152, the ribbons 156, and the 
membrane 160 are placed as a unit around e second elongate member 166. which has . pair of oppositely facing 
holes 170 end 172. The brace member 144 is inserted through the holes 170 end 172 and secured to both the 
Ml wire 140 and the first ring member 148. Further, the second ring member 152 is secured to the second 
elongate member 166. This assembled configuration, with the ribbons 158 in their longitudinal orientatioa is 
Bustrated in FIG. 16. As ihistreted in FIG. 17. when the pull wire 140 is retracted, the ribbons 156 Ishown in 
phantom) end the membrane 160 that surrounds them are urged towards the vessel 1 62. where the membrane makes 
a seal with the vessel The ribbons 180 are preferably resilient enough so thet they return to ther longitudinal 
orientation when the pun wire 140 is released. The elasticity and romance of the puU wre 140 also helps the 
ribbons 156 return to their undeployed configuration. A guiJewire tip 171 may be used to assist in guiding the 
device to the desired location in the vessel 162. 

A preferred way of retracting the put! wire 140 is shown m FIGS. 18A and 188; FIG. 18A shows the pull 
wire 140. which is attached to the brace member 144. A rotatabte handle 180 is attached to a locking member 
184 which m turn is fastened to the pud wire 140. When the locking member 184 clears the second elongate 
member 156 within which it resides (which is preferably outside the patient), the toeing member end rotatabte 
handle 180 may be oriented es illustrated in FIG. 18B to keep the puD wire 140 taught, thereby preventing the 
sealing mechanism from returning to its undeployed position. The pull wire 140 may be made of stainless or nttfcoJ 
and may have a diameter of 0.008-0.008 inches, for a catheter having an 0.0. of 0.014", for example. 

An alternative to the deployment apparatus illustrated in FIGS. 18A and 186 is shown in FIG. 19. In which 
a handle member 190 is grasped by the clinician to retract the puR wire 140, thereby deploying the sealing 
mechenism. Once extended, the seeing mechanism preferably has the tendency to return to hs undeployed position, 
which h the process pubs the pufl wire 140 back into the second elongate member 166. This can be prevented by 
insertirn e spacer member 194 between the handle member 190 and the second elongate member 166. After the 
medical procedure is complete, and ocdusion of the vessel is no longer required, the spacer member 194 can be 
removed and the pull wee 140 end the seating mechanism returned to their respective undeployed positions. The 
device can then be removed from the patent. 

Although the principle of using a non-self expanding mechanism has been itustrated in FIGS. 15-17 with 
respect to def ormable ribbons, other non-self-expanding mechanisms, es illustrated in FIGS. 20A-20D, can be employed 
in conjunction with the brace member 144 end the first and second ring members 148 and 152. For example, 
instead of using ribbons 1 58, a non-seH-espanding braided structure 200 can be used, in which the braided structure 
200 adjoins first and second ring members 148 and 152 end is covered with a membrane 160 to form the unit 204 
shown in FIG. 20A. The unit 204 can be used in conjunction with en elongate member 166, a brace member 144. 
a guidewire tip 171. a first elongate member 140 such as a pufl wire, a rotatabte handle 180, and a locking member 
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184 to form o devise analoBoiit to the ribbon-basaddmice of RG IS litarn*t™tj «. 

, ' Mh - ,5 ' WtoTO tt»»<Y. other maehemima can be uied 

for sstunna .be pull w„ .40. eueb a, c hart* m^eMSO and a ep.ce, ^,84 

s^^^r^JT li ■ r,-,fc,t-, *■ i^, 

unreonotrattod. Alternatively, ptrfoiated membranes ike mombranei 36' of FIG 68 

Z h 10 ^ P " fa ' tal ^ »' *- « * I— «— 200. the «,,.,*. mert 
208. .be tub . 2I2 . an , tnB cojh 2Ifl _ ^ ■ 

nenrthrieu tinder to iheir ata**, counterpane. 

It aboe* be undated .ha, the ec.p. ., ,be pm*,, mmtim a not be Bmted „ &s(fjt ^ „ 

invention wiH suggest themselves to one of ordinarv *W in the art. 
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WHATISCLAIMppffr 

1 - A device lor ocriuding a vascular segment, comprising: 
an expansion member; and 

fifSt and SBCond * n **' rembe "< wl »ein «a first elongate member engages said expansion member and 
said second elongate member engages said first elongate member, said expansion member expanding to at least 
partially occlude the vascular segment when one of said elongate members b moved longitudinaly. 

2- The device of Claim t. further cornprmng e material that adjoins said expansion member for 
creating a seal with the vascular segment. 

3. The device of Claim 2. wherein said material does not completely encapsulate said expansion 

member. 

4. The device of Claim 1. wherein said expansion member is a fflter-Bce mash attached to an 
indentation within said first elongate member. 

5. The device of Claim t. wherein said expansion member is in an unexpended state when it is 
surrounded by said second elongate member. 

6. The device of Claim 5, wherein said expansion member expands when said first elongate member 
is pushed through said second elongate member. 

7. The device of Clarn 5. wherein said expansion member is serf-expanding. 

8. The device of Claim 7. wherein said self-expanding member comprises a member selected from the 
group consisting of a braid, a coi, a ribbon-like structure, a slotted tube, a plurality of ribs and a fheriike mesh. 

9. The device of Claim 1. wherein said second elongate member is also secured to said expansion 

member. 

1 0. The device of Claim 8. wherein said expansion member expands es said first elongate member is 

retracted. 

11. The device of Claim 9. wherein said expansion member comprises a member selected from the 
group consisting of a braid, e plurality of coos, a ribbon-like structure, a slotted tube, and e filter-like mesh. 

12. The device of Claim 9, wherein said expansion member expands es the relative position of said 
first and second elongate members changes. 

13. A method of occluding a segment within a vessel comprising: 

inserting first and second elongate mentors into the vessel wherein the first elongate member adjoins en 
expansion member; and 

varying the position of at least one of tha elongata mambers so that the expansion member expands until 
the vessd is occluded. 

14. The method of Claim 13. in which said varying step comprises retracting one of the elongate 

members. 

15. The method of Claim 14. in which said retracting one of the elongata members causes tha 
expansion member to expand. 
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16. The method of Claim 14. in wMeh th. ip.™*, mart™ adioln both Btonomo marnb.* ,nd the 
rokmv, po«ion of ,„ e nnmb^, b t0 Mpllml ^ ...^ ^ ^ ^ ^ fc ^ 

17. Th. mthod of Claim 13, in which „id » m „ep compme: purtian one of tho el.ogot, 
members through the other elongate member. 

18. The method of Claim 13. further comprising: 
performing a medical procedure near the ocduded sit* and 

retrieving the elongate members and the expansion member from the vessel. 

19. A method, comprising: 

inserting an expansion member within tha vessel; and 

heating the expansion inember to cause it to expand unta the vessel is at least partially occluded. 

20. The method of Claim 1 9, in which the expansion member is comprised of a material selected from 
the group consisting of heat activated Nitinol and an iron base shepe memory alloy. 

21. The method of Claim 19, in which said heating the expansion member comprises passing electrical 
current through it. 

22. The method of Claim 19, in which said heating the expansion member comprises flowing warm 
soiutton near the expansion member to heat up the expansion mamber. 
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